Abstract-Critical situations are situations where a complementarity between technical and non-technical skills is crucial. Several critical dimensions characterize them. In order to train for such situations, simulation systems have to be able to generate scenarios where these dimensions are present in order to solicit one or several non-technical skills. In this paper we focus on one particular critical dimension which is the "Dilemma". We present our approach for dynamically generating dilemma-based situations using activity and causality models.
I. INTRODUCTION
In order to prevent disastrous consequences from happening, operators have to be trained to handle complex and critical situations. While training for "normal" situations (taking care of a baby, manufacturing an engine…) in genuine conditions can be an easy exercise to reproduce, training for critical situations (plane crash, terrorist attack, gas leak…) represent some serious challenges since reproducing them is complicated, if not impossible. Virtual reality comes to tackle this issue. It enables the systems to simulate such complex and critical situations especially when cost, accessibility and dangerousness prevent learners from being put in genuine situations.
A critical situation can be defined as a complex and dynamic situation, often unexpected and difficult to anticipate. To handle it, technical skills are far from being the only asset needed. Several studies [1] have shown that more than 70% of medical errors are due to issues related to one non-technical skill or more. Thus, besides training for technical medical procedures, medical staff needs to develop another kind of skills such as "situation awareness", "decision making", "communication" etc. It is in that vein that the project MacCoy Critical is born. The goal of the project is to study and improve training systems that use simulation and virtual environments especially for nontechnical skills training in critical situations. The fields targeted by the project are vehicle driving and health.
Training in complex environments is not only a difficult task for the learner but it is also challenging for the instructor; to assure freedom of action of the learner and to maintain a pedagogical control on the simulation, the instructor has to anticipate all the possible actions. This can be done easily by scripting the behavior of the system. As far as complex situations are concerned this solution is out of order, as it will lead to combinatorial explosion. Given all this, we believe that the dynamic generation and control of the situations are crucial features that a simulation system for training in complex situations must have. In this paper we discuss about our work in dynamic generation of situations, especially the control of their criticality by generating dilemmas; in section II, we list some critical dimensions identified by the means of field analysis and interviews with experts and ergonomists in the project. Then in section III, we discuss about the use of dilemmas in education and also about ethical dilemmas in healthcare. In section IV, we present a quick state of the art of the simulation systems that include dilemma-based situations. Finally, in section V, we introduce our simulation platform and finally we expose our approach of dilemma generation.
II. CRITICAL DIMENSIONS
Our purpose is to train for non-technical skills in critical situations. In order to bring out some critical dimensions that define a critical or a potential critical situation, the first thing we had to do was to analyze the notion of criticality. In risk assessment, the criticality is a numerical value calculated from several parameters, which are often: severity (of the event) and probability (of the event occurring). Besides these parameters, we have identified other critical dimensions, by means of field analysis and interviews with instructors and ergonomists, which play an important role in non-technical skills training. These dimensions are also considered descriptors of situations that could become critical. These dimensions are: Ambiguity; situation where there is doubtfulness of meaning or intentions (e.g. road markings in contradiction with vertical road signs).
Dilemma: situation where a difficult choice has to be made knowing that there is no good solution and that whatever is the choice, negative consequences will occur and/or one or more human value will be sacrificed. Socio-cognitive load: situation where a person is affected by several external factors such as time restriction, social pressure, stress produced by other characters' behaviors, multiplicity of the tasks he/she has to accomplish… Newness: a situation that was never met before.
Learner's ability: the learner has not the skills to handle the situation.
Some of these dimensions are intrinsic to the situation while others depend on the learner's profile which is dynamically updated (the learner's profile is not discussed in this paper). There are also dimensions that can both be intrinsic and learnerrelated. Besides, we propose a distinction is made between the dimensions that are informed in advance by the instructors, those which are dynamically calculated and generated during the simulation and those which can both be generated dynamically and informed in advance by instructors (Table 1) . In this paper we will focus on one particular critical dimension: "dilemma". In this section we discuss about the use of dilemmas in education for the moral development and also about the importance of training for dilemma situations the healthcare field
A. Moral development method
Lawrence Kohlberg, one of the most eminent psychologists of the 20 th century [7] , is known for his stages of moral development theory. The theory says that moral reasoning has six developmental stages grouped into three levels. Kohlberg conducted his studies on individuals by exposing them to moral dilemmas. "Heinz dilemma"
1 is the most famous one. The psychologist was interested in the way the individuals justified their answers, and the reasoning behind their choices. The answer itself was not as important as their explanations. This method has inspired didactic instructors such as Jean-Marie Debunne, the creator of the game "Debunne", who conceived the moral education program for secondary school in Québec (1985 -2005) . The Ministry of National Education in France has also adopted the Kohlberg Method. It was recently introduced into the "Moral and Civic Education" course 2 .
B. Ethical dilemmas in healtcare
The nurses face ethical dilemmas on a daily basis. They are confronted to situations where they have to make difficult choices. These choices are complicated because, in most of the cases, there is a conflict of values. Besides, there 1 Heinz's wife was dying. A local chemist discovered a new drug that could save Heinz's wife. The drug was too expensive, that he could not afford it. The local chemist refused any kind of arrangement with Heinz, saying he had is no "right" solution to an ethical dilemma. If the nurses (or the medical staff in general) are not trained for handling such situations, they are likely to be destabilized when the time comes. Marie-Anne Lecomte listed in her article [8] several reasons why the nurses should be trained to face ethical dilemma. For example, being able to step back and look at the overall picture before taking a decision, improving the relation between the patient and the caregiver, being able to argue, negotiate and make compromises… The author talked also about the "ethical competence" which is "skill" that the nurses must acquire to handle ethical dilemmas. She said that they start to build this competence during the basic training (awareness), and improve it during their professional career (experience). Simulation and virtual reality can contribute to this development by offering the learner's the opportunity to be trained to face such situations by simulating scenarios with ethical dilemmas.
IV. RELATED WORK
Playing the role of a U.S. Army lieutenant, a human user finds himself facing a difficult situation. The lieutenant has to choose between sending his troop to help his platoon downtown or to secure a landing zone for a medevac helicopter in order to assist a local boy in a critical situation which was in a civilian vehicle crashed by one of the platoon's vehicles. This dilemma situation was implemented by [2] in an Army peacekeeping scenario. In medical field, [3] models the behavior of a doctor in a situation where he is confronted to a complicated choice: discovered the drug and he is going to make money from it.
Should Heinz steal the drug to save his wife? 2 http://eduscol.education.fr/cid92404/methodes-etdemarches. html administrating large doses of morphine to his dying patient to reduce the pain but in the same time hastening his death, or prolonging his "painful" life. The common point about the dilemma situations above is that they are totally or partially scripted, it means that the scenario is designed in advance and not dynamically generated. In the literature, we can point out the works of [4] who proposed a user model for a system which automatically generates stories based on dilemmas. The dilemma generation process takes into consideration the relations between characters in order to identify which type of dilemma to put in place. Five types where identified: Betrayal, Sacrifice, Greater Good, Take Down and Favor.
Our approach is slightly different. Our purpose is to dynamically generate the situations where there is a conflict of values in general (not necessarily involving more than one character) and/or contradictory knowledge leading to difficultchoice-making situations.
V. GENERATION OF DILEMMA-BASED SITUATIONS

A. HUMANS platform: Dynamic generation of pedagogical situations
In this section, we will present our current platform, dedicated to the simulation of virtual environments within complex domains where human factors are critical.
The platform [10] is composed of an orchestration module (TAILOR [9] ) among others. This module is responsible of generating and selecting situations according to the learner's profile. It is also an operationalization of the Zone of Proximal Development (ZPD) [5] . This zone is defined as the distance between the current development level of a person (ability to solve problems alone) and the potential development level that can be reached with assistance. We believe that this assistance is not necessarily personified and this role can be fulfilled by a computer system, in this case, our orchestration system. According to the beliefs that the system has on the learner's ability to handle a class of situations, it can determine the ZPD of the user and thus chooses to direct the simulation towards situations inside or outside this zone.
The classes of situations are represented in a multidimensional space. The dimensions are descriptors that can be cognitive variables (patient gender, size of the lesion …), skills or tasks. In regard of pedagogical objectives and taking into consideration the ZPD, the orchestration module chooses a class of situation from this space. Then it computes the activity and/or the causality model to identify the task's preconditions and/or events needed to initialize the scene with all the elements needed for the situation. The platform's modules use three models world, activity and causality: -World is composed of a static (ontology) and dynamic (rules) description of the world (objects, objects' behavior, possible actions…); -Activity is a hierarchical representation of the tasks. Each task can have preconditions (e.g. task: {Verb: "Stop", Precondition: "red light is on"}) and can be tagged; -Causality is an acyclic graph that expresses pertinent causal chains occurring in the environment. It also includes barriers that prevent an event from occurring or protect from its consequences (e.g. "Heavy bleeding" "Passing out"; Prevention barrier: "Treat bleeding")
B. Dynamic Generation of dilemma-based situations
In the literature there is different types of dilemmas (moral, ethical, social…). In our approach we classify them according to the way they are computationally generated. We propose the following dilemma categories:
1. Situations where the learner has to perform two contradictory tasks; 2. Situations where the learner has to make a choice where there is an opposition of moral values;
3.
Situations where there is no opposition of moral values but consequences are negative anyway (e.g. a killer who asks a mother which one of her twin sons she wants him to kill. If no choice is made, they are both going to die).
Let us now suppose that during the simulation, the diagnosis process decided that we need to verify the learner's ability to "make decision" (non-technical skill) in dilemma situations. This instruction is given as an input to the orchestration engine, which is going to look for tasks T that involve "making decision" skill. The orchestration engine would normally select one task t, and the situation would be generated using the task preconditions. As far as dilemmas are concerned we propose to slightly change this behavior by handling the tasks T before the selection process. We propose to search for contradictory tasks in T and generate a set of pairs CT of contradictory tasks. A pair of tasks is then selected and finally a situation is generated using their preconditions (See Algorithm 1).
Example: After applying Algorithm 1 on the activity model, it returns the following pair of contradictory tasks (the task representation is simplified for the sake of example): Taking into consideration the preconditions, the orchestration/causal engine will then try to cause an aquaplaning when the vehicle is close to a red light. The dilemma in this situation is that the driver should brake and stop because he must respect the law, but if he does, he risks losing control of his vehicle. This type of dilemma can also be generated using the human barriers of the causality model instead of the tasks of the activity model (Algorithm 2).
As far as the second type of dilemma is concerned we propose to generate the situations using almost the same algorithm used for the first type. Instead of looking for contradictory tasks, we search for tasks which produce a conflict between two human values. We remind that in the activity model, we can tag the tasks. These tags can be utilized to specify which human value is concerned if the task is accomplished (e.g. task: "avenge the father" tag: "honor"). To identify two conflicting human values we believe that the theory of Basic Universal Human Values [6] could be a serious track to consider. This theory recognizes ten universal human values represented in a circular structure and describes the dynamic relations between them. Algorithm 1 Search for contradictory tasks in the activity model for dilemma generation.
BEGIN
CT ← {} /* set of pairs of contradictory tasks*/ For all t1:task ∈ T:Activity do For all t2:task ∈ T:Activity do
The third type of dilemma is a situation where the consequence of the choice is always negative and the same. To generate this type, we propose to use the causality model. The system needs to find two events with the same protection barrier which leads to the same negative event.
Example (The following causality representation is simplified for the sake of example):
-("John is threatened by the killer" "John is dead"; Barrier: "The mother chooses him")
-("Brad is threatened by the killer" "Brad is dead"; Barrier: "The mother chooses him") -(("John is dead" OR "Brad is dead") "The mother loses her son"). The originality of our approach is the dynamic generation of this kind of situations and the consideration of values conflict and contradictory knowledge. We identified three types of dilemma-based situations and proposed two algorithms for the generation. To go further in our approach, we need to design an efficient articulation between the activity and the causality model in the generation process, in order to determine when one of these models is more efficient than the other. Also, we intend to use probabilities in the causality model. This could be taken into consideration to decide which dilemma to present to the user according to the probability of occurrence of the events.
